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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  cooling  fans  for  dissi- 
pating  heat. 

BACKGROUND  OF  THE  INVENTION 

A  substantial  amount  of  heat  is  typically  generated 
by  devices  which  operate  at  high  power  or  speeds.  In 
most  cases  the  heat  must  be  dissipated  to  preclude  mal- 
function  of  the  device. 
Conventionally,  to  dissipate  heat,  fans  have  been  used 
to  blow  cool  air  past  the  surface  of  the  device.  However, 
conventional  cooling  devices,  such  as  those  disclosed 
in  the  documents  JP-A-61  1  5  4470  and  FR-A-2  528  500, 
typically  draw  a  large  amount  of  power  and  thus  are  not 
readily  adaptable  for  us  in  small  devices,  such  as  micro- 
processor  devices  found  in  lap  top  computers.  For  ex- 
ample,  when  semiconductor  devices  and  particularly 
those  used  in  microprocessors  are  operated  at  relatively 
high  speeds,  a  substantial  amount  of  heat  is  typically 
developed.  The  heat  must  be  dissipated  to  preclude 
malfunction  of  the  semiconductor  devices.  In  the  past, 
heat  sinks  have  been  utilized  for  mounting  semiconduc- 
tor  devices  to  dissipate  heat  generated  by  them.  This 
technique  has  been  utilized  particularly  where  power 
devices  such  as  rectifiers  or  power  transistors  have 
been  utilized.  In  many  instances,  such  heat  sinks  would 
also  include  fins  for  increasing  the  total  surface  area 
from  which  conduction  and  radiation  into  the  air  can  take 
place.  Cooling  is  enhanced  by  the  use  of  fans  that  blow 
cool  air  past  the  surface  of  the  chassis  and/or  heat  sink 
to  dissipate  the  heat.  However,  such  fans  typically  draw 
a  large  amount  of  power  and  thus  are  not  readily  adapt- 
able  for  use  in  microprocessors  and  particularly  in  mi- 
croprocessors  which  are  transportable,  such  as  in  lap 
top  computers. 

With  respect  to  dissipating  heat  in  larger  devices, 
such  as  refrigerators  and  power  transformers,  the  large 
amount  of  power  drawn  by  existing  fans  renders  many 
of  the  fans  uneconomical.  For  example,  the  cost  for  pro- 
viding  cooling  to  a  vertical  fin  array  on  a  residential  pow- 
er  transformer,  such  as  those  used  for  single  or  multiple 
household  power  distribution  for  underground  utilities, 
is  substantial. 

Thus,  a  need  exists  for  a  fan  for  dissipating  heat 
which  requires  relatively  little  electrical  power  to  oper- 
ate. 

SUMMARY  OF  THE  INVENTION 

The  preceding  and  other  shortcomings  of  prior  art 
devices  are  addressed  and  overcome  by  the  present  in- 
vention  which  provides  a  cooling  fan  for  dissipating  heat 
generated  by  a  device  to  be  cooled  having  a  flexible  fan 
blade  having  first  and  second  ends,  a  mounting  means 

affixed  to  one  end  of  the  blade  for  anchoring  the  blade 
over  the  device,  a  permanent  magnet  mounted  on  the 
opposite  end  of  the  blade,  and  a  coil  disposed  about  a 
core  means  constructed  of  magnetically  permeable  ma- 

5  terial  and  positioned  adjacent  the  permanent  magnet  for 
providing  a  magnetic  force  to  move  the  blade  from  side 
to  side  when  the  coil  is  energized  thus  cooling  the  de- 
vice. 

The  foregoing  and  additional  features  and  advan- 
10  tages  of  this  invention  will  become  further  apparent  from 

the  detailed  description  and  accompanying  drawing  fig- 
ures  that  follow.  In  the  figures  and  written  description, 
numerals  indicate  the  various  features  of  the  invention, 
like  numerals  referring  to  like  features  throughout  for 

is  both  the  drawing  figures  and  the  written  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  isasideelevationalviewof  a  cooling  fan  con- 
20  structed  in  accordance  with  the  principles  of  the 

present  invention; 
FIG.  2  is  a  top  plan  view  of  the  structure  illustrated 
in  FIG.  1; 
FIG.  3  is  a  top  plan  view  of  an  alternative  embodi- 

es  ment  of  a  cooling  fan  constructed  in  accordance 
with  the  principles  of  the  present  invention; 
FIG.  4  is  a  side  elevational  view  of  a  cooling  fan  in- 
cluding  a  position  sensor  constructed  in  accord- 
ance  with  the  principles  of  the  present  invention; 

30  FIG.  5  is  a  schematic  diagram  illustrating  a  Hall-ef- 
fect  sensor  for  providing  position  sensing  to  a  cool- 
ing  fan  in  accordance  with  the  principles  of  the 
present  invention; 
FIG.  6  is  a  schematic  diagram  illustrating  an  alter- 

35  native  embodiment  of  a  Hall-effect  sensor  for  pro- 
viding  position  sensing  to  a  cooling  fan  in  accord- 
ance  with  the  principles  of  the  present  invention; 
FIG.  7  is  a  schematic  diagram  illustrating  an  astable 
oscillator  circuit  for  providing  power  to  a  cooling  fan 

40  in  accordance  with  the  principles  of  the  present  in- 
vention; 
FIG.  8  is  a  schematic  diagram  illustrating  an  alter- 
native  embodiment  of  an  astable  oscillator  circuit  for 
providing  power  to  a  cooling  fan  in  accordance  with 

45  the  principles  of  the  present  invention; 
FIG.  9  is  a  schematic  diagram  illustrating  a  555  Tim- 
er  astable  multivibrator  circuit  for  providing  power 
to  a  cooling  fan  in  accordance  with  the  principles  of 
the  present  invention; 

so  FIG.  10  is  a  schematic  diagram  illustrating  an  alter- 
native  embodiment  of  a  555  Timer  astable  multivi- 
brator  circuit  for  providing  power  to  a  cooling  fan  in 
accordance  with  the  principles  of  the  present  inven- 
tion; 

55  FIG.  11  is  a  side  elevational  view  of  a  cooling  fan 
positioned  within  a  heat  sink  for  enhancing  dissipa- 
tion  of  heat  constructed  in  accordance  with  the  prin- 
ciples  of  the  present  invention;  and 
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FIG.  12  is  a  top  plan  view  of  the  structure  illustrated 
in  FIG.  1. 

DETAILED  DESCRIPTION  OF  PREFERRED 
EMBODIMENTS 

The  present  invention  provides  a  cooling  fan  for  dis- 
sipating  heat  generated  by  a  device  to  be  cooled  having 
a  flexible  fan  blade  having  first  and  second  ends,  a 
mounting  means  affixed  to  one  end  of  a  blade  for  an- 
choring  the  blade  over  the  device,  a  permanent  magnet 
mounted  on  the  opposite  end  of  the  blade,  and  a  coil 
disposed  about  a  core  means  constructed  of  magneti- 
cally  permeable  material  and  positioned  adjacent  the 
permanent  magnet  for  providing  a  magnetic  force  to 
move  the  blade  from  side  to  side  when  the  coil  is  ener- 
gized  thus  cooling  the  device. 

The  cooling  fan  of  the  present  invention  may  be 
used  to  dissipate  heat  generated  by  devices  of  all  sizes. 
For  example,  the  present  invention  may  be  used  to  dis- 
sipate  heat  generated  by  small  sized  devices,  such  as 
semiconductor  devices,  by  medium  sized  devices,  such 
as  refrigerators,  as  well  as  by  large  sized  devices,  such 
as  power  transformers.  For  purposes  of  clarity  and  sim- 
plicity,  however,  the  cooling  fan  of  the  present  invention 
will  be  described  using  a  semiconductor  device  as  the 
device  to  be  cooled. 

Referring  now  more  specifically  to  FIG.  1,  there  is 
shown  a  cooling  fan  1  0  for  cooling  a  device  20,  such  as 
a  semiconductor  device,  constructed  in  accordance  with 
the  principles  of  the  present  invention.  As  is  therein 
shown,  the  fan  10  includes  a  post  12  mounted  upon  a 
support  1  4.  The  post  1  2  has  a  fan  blade  1  6  anchored  at 
one  end  1  8  thereof.  The  fan  blade  1  6  may  be  construct- 
ed  from  flexible  metal  or  plastic  material,  such  as  Kap- 
ton,  nylon  or  Mylar.  It  has  been  found  that  if  the  material 
from  which  the  fan  blade  16  is  constructed  is  extremely 
smooth  along  its  edges  that  it  will  have  essentially  an 
infinite  life.  The  fan  blade  1  6  may  be  of  a  length  sufficient 
to  substantially  cover  the  device  20  to  be  cooled. 

A  permanent  magnet  22  is  affixed  to  the  opposite 
end  24  of  the  blade  16.  As  is  clearly  illustrated  in  FIGS. 
1  and  2,  a  coil  28  disposed  about  a  core  26  constructed 
of  magnetically  permeable  material,  such  as  soft  or  pow- 
dered  iron  core,  is  disposed  adjacent  the  permanent 
magnet  22  to  provide  magnetic  force  to  move  the  blade 
1  6  from  side  32  to  side  34  when  the  coil  28  is  energized. 
An  external  drive  mechanism,  such  as  a  position  sensor 
36  as  is  shown  in  FIG.  4  or  in  particular,  a  Hall-effect 
position  sensor  92,  as  is  shown  in  FIGS.  5  and  6  and 
described  in  detail  below,  provide  a  drive  pulse  to  the 
coil  28.  Alternatively,  as  is  shown  in  FIGS.  7-10  and  de- 
scribed  in  detail  below,  an  oscillator  circuit  may  be  used 
to  provide  a  drive  pulse  to  the  coil  28. 

In  accordance  with  the  principles  of  the  present  in- 
vention,  a  position  sensor  36  as  is  shown  in  FIG.  4  and 
described  in  detail  below  may  be  positioned  adjacent  to 
the  magnet  22  for  providing  position  sensing  feedback 

information  for  powering  the  fan  blade.  A  number  of  de- 
vices  may  be  used  for  position  sensing,  including  Hall- 
effect,  optical  interrupter  and  capacitance  devices.  In 
operation,  the  position  of  the  fan  blade  16  is  sensed  by 

5  a  position  sensor  36,  such  as  a  Hall-effect  sensor,  which 
operates  to  supply  a  drive  pulse  to  the  coil  28,  interrupt- 
ed  by  the  action  of  the  magnet  22  as  it  passes  by. 

By  referring  now  more  particularly  to  FIG.  5,  there 
is  illustrated  and  will  be  described  more  in  detail,  one 

10  embodiment  of  a  cooling  fan  90  including  a  Hall-effect 
sensor  92  for  providing  position  sensing  feedback  infor- 
mation.  The  Hall-effect  sensor  92  may  be  a  conventional 
commercially  available  Hall-effect  sensor,  such  as  a 
model  number  3113ua  sold  by  Allegro,  Inc.  of  Worces- 

15  ter,  Massachusetts.  In  particular,  the  Hall-effect  sensor 
92  may  be  suspended  above  or  below  the  fan  blade  16, 
adjacent  to  the  magnet  22  on  the  fan  blade  16,  so  that 
when  the  magnet  22  swings  by  the  Hall-effect  sensor 
92,  the  magnet  22  switches  the  Hall-effect  sensor  92  on 

20  and  off.  As  is  shown  in  FIG.  5,  the  power  94  and  negative 
96  terminals  of  the  Hall-effect  sensor  92  are  connected 
to  the  positive  98  and  negative  100  terminals  of  an  ex- 
ternal  voltage  supply  Vcc,  respectively.  One  end  102  of 
the  coil  28  is  connected  to  the  power  terminal  94  of  the 

25  Hall-effect  sensor  92.  The  other  end  104  of  the  coil  28 
is  connected  to  the  output  terminal  1  06  of  the  Hall-effect 
sensor  92.  Connected  between  the  power  terminal  94 
and  the  output  terminal  1  06  is  a  catch  diode  1  08  for  pro- 
tecting  the  Hall-effect  sensor  92  from  the  reverse  current 

30  spikes  which  may  occur  if  the  magnetic  field  of  the  coil 
28  collapses. 

In  operation,  the  Hall-effect  sensor  92  is  arranged 
so  that  it  switches  on  when  the  fan  blade  is  approximate- 
ly  at  a  center  position  110.  When  the  Hall-effect  sensor 

35  92  is  switched  on,  power  is  applied  and  the  coil  28  gen- 
erates  a  magnetic  field  which  is  opposite  to  the  magnetic 
field  generated  by  the  magnet  22.  The  magnet  22  reacts 
to  the  magnetic  field  generated  by  the  coil  28,  causing 
the  fan  blade  16  to  move  away  from  the  center  position 

40  no  towards  side  112  or  114.  When  the  fan  blade  16 
moves  away  from  the  center  position  110,  towards  side 
112  or  114,  the  Hall-effect  sensor  92  switches  off.  The 
fan  blade  16  returns  to  the  center  position  110  by  its  own 
restoring  force,  with  the  momentum  of  the  fan  blade  16 

45  typically  carrying  the  fan  blade  1  6  past  the  center  posi- 
tion  110  towards  the  opposite  direction.  While  approxi- 
mately  at  the  center  position  110,  the  Hall-effect  sensor 
92  switches  on  and  applies  a  kick  to  the  fan  blade  16. 
In  particular,  when  the  magnet  22  returns  by  its  own  re- 

50  storing  force  towards  the  center  position  40,  a  voltage 
is  induced  in  the  coil  28,  thus  causing  current  to  flow 
through  the  coil  28  to  apply  a  kick  or  power  pulse  of  mag- 
netic  energy  to  the  blade  16.  The  magnet  22  reacts  to 
the  magnetic  field  generated  by  the  coil  28,  causing  the 

55  fan  blade  1  6  to  move  away  from  the  center  position  1  1  0 
towards  the  side.  This  process  continues  as  the  fan 
blade  16  moves  from  side  112  to  side  114,  causing  air 
to  be  moved  over  a  device  to  be  cooled.  Eventually,  the 

3 
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fan  blade  16  becomes  synchronized  at  its  natural  reso- 
nant  frequency. 

The  physical  configuration  of  a  cooling  fan  resonant 
at  38  Hz  and  constructed  in  accordance  with  the  inven- 
tion  shown  in  FIG.  5  will  now  be  described.  The  fan  blade 
16  was  constructed  from  Mylar  material  and  was  ap- 
proximately  0.007  inch  thick,  1  inch  long  and  0.4  inch 
wide.  The  magnet  22  was  approximately  0.125  inch  by 
0.125  inch.  The  coil  28,  constructed  from  #36  wire  and 
having  a  resistance  of  55  ohms,  was  approximately  1 
inch  long  and  0.4  inch  wide.  The  core  26  of  the  coil  28 
was  constructed  from  soft  iron.  The  Hall-effect  sensor 
92  was  a  model  number  3113ua  sold  by  Allegro,  Inc.  of 
Worcester,  Massachusetts. 

During  operation  of  the  cooling  fan,  constructed  in 
accordance  with  the  above  specifications,  the  angular 
displacement  of  the  blade  tip  was  approximately  1  30  de- 
grees.  The  power  required  was  13  volts  dc,  with  an  av- 
erage  current  of  8-10  milliamps,  including  4.7  milliamps 
required  by  the  Hall-effect  sensor  92. 

By  referring  now  more  particularly  to  FIG.  6,  there 
is  illustrated  and  will  be  described  in  more  detail,  an  al- 
ternative  embodiment  of  a  cooling  fan  70  including  a 
Hall-effect  sensor  92  for  providing  position  sensing 
feedback  information  constructed  in  accordance  with 
the  principles  of  the  present  invention.  It  is  noted  that 
the  cooling  fan  70  of  FIG.  6  is  substantially  the  same  as 
the  cooling  fan  90  of  FIG.  5  with  the  exception  that  the 
cooling  fan  70  of  FIG.  6  includes  a  thermistor  72  having 
a  very  high  temperature  coefficient  of  resistance  for 
maintaining  the  current  through  the  coil  28  constant.  As 
is  well  known  to  those  skilled  in  the  art,  a  thermistor 
works  as  a  temperature  compensating  device  by  auto- 
matic  adjustment  of  its  resistance,  down  or  up,  as  work- 
ing  temperatures  rise  or  fall,  respectively,  and  resistanc- 
es  of  other  components  in  the  circuit  rise  or  fall.  For  ex- 
ample,  the  resistance  of  the  coil  28,  preferably  con- 
structed  from  copper  increases  with  temperature  and 
vice  versa.  The  resistance  of  the  thermistor  72  decreas- 
es  with  increasing  temperature  and  vice  versa.  To  com- 
pensate  for  the  temperature  effects  on  the  coil  28,  the 
thermistor  72  is  placed  in  contact  with  the  coil  28.  In  par- 
ticular,  as  is  shown  in  FIG.  6,  the  thermistor  72,  placed 
in  series  with  the  coil  28,  balances  the  effect  of  changes 
in  temperature  on  the  coil  28  by  showing  a  reduction  in 
resistance  with  increasing  temperature.  As  previously 
noted,  the  cooling  fan  70  of  FIG.  6  is  substantially  similar 
to  the  cooling  fan  90  of  FIG.  5  and  thus  will  not  be  dis- 
cussed  in  detail  at  this  point. 

In  an  alternative  embodiment  of  the  invention,  an 
oscillator  circuit,  such  as  the  astable  oscillator  circuit 
120  illustrated  in  FIG.  7  and  described  in  detail  below, 
may  be  used  to  provide  power  to  the  cooling  fan  in  ac- 
cordance  with  principles  of  the  present  invention.  By  re- 
ferring  now  more  particularly  to  FIG.  7,  there  is  illustrat- 
ed  and  will  be  described  in  more  detail,  one  embodiment 
of  an  astable  oscillator  circuit  1  20  for  generating  an  os- 
cillating  current  having  a  frequency  of  oscillation  syn- 

chronized  to  the  natural  resonant  frequency  of  the  fan 
blade  16.  As  is  shown  in  FIG.  7,  astable  oscillator  circuit 
120  includes  bipolar  transistors  122  and  124,  resistors 
126  and  128,  capacitor  130,  catch  diode  132  and  coil 

5  28.  Transistor  1  22  is  a  NPN  transistor  in  a  common  emit- 
ter  configuration;  transistor  124  is  a  PNP  transistor  in  a 
common  emitter  configuration.  Transistors  122  and  124 
may  be  conventional  commercially  available  NPN  and 
PNP  transistors,  respectively. 

10  During  startup,  the  fan  blade  16  is  stationary  and 
provides  no  back  EMF  voltage  in  the  coil  28.  The  coil 
28,  connected  in  series  with  the  capacitor  1  30,  looks  like 
a  low  impedance  ground  to  capacitor  130.  The  resistor 
1  26  charges  the  capacitor  1  30  until  the  base  1  36  of  tran- 

15  sistor  122  is  slightly  forward  biased  and  the  transistor 
122  begins  to  conduct.  The  current  on  the  collector  142 
of  transistor  1  22  turns  on  transistor  1  24  which  provides 
drive  current  to  the  coil  28  and  to  the  base  1  36  of  tran- 
sistor  1  22  through  capacitor  1  30.  The  voltage  across  the 

20  capacitor  1  30  increases  until  the  base  1  36  of  transistor 
122  is  no  longer  forward  biased.  When  transistor  122 
turns  off,  transistor  124  also  turns  off  and  the  voltage 
across  the  coil  28  falls  to  zero.  The  charge  on  the  ca- 
pacitor  1  30  pulls  the  base  1  36  of  transistor  1  22  to  about 

25  10  volts  negative.  The  resistor  126  charges  the  capac- 
itor  130  until  the  base  136  of  transistor  122  is  slightly 
forward  biased  and  the  process  repeats.  The  pulses  on 
the  coil  28  thus  cause  the  fan  blade  16  to  begin  to  os- 
cillate.  Catch  diode  132,  connected  at  the  output  be- 

so  tween  the  collector  143  and  -Vcc,  protects  the  transistors 
122  and  124  from  reverse  current  spike  which  may  oc- 
cur  if  the  magnetic  field  of  the  coil  28  collapses. 

In  operation,  a  small  voltage  is  induced  in  the  coil 
28  when  the  magnet  22  on  the  fan  blade  16  moves 

35  across  the  coil  28.  In  particular,  when  the  magnet  22  ap- 
proaches  the  coil  28,  a  small  negative  voltage  is  gener- 
ated.  Since  the  capacitor  130  is  in  series  with  the  coil 
28,  the  negative  voltage  is  added  to  the  voltage  across 
the  capacitor  130  and  applied  to  the  base  136  of  fran- 

co  sistor  1  22.  This  negative  voltage  helps  to  keep  transistor 
1  22  from  turning  on.  After  the  magnet  22  approximately 
passes  the  center  position  146,  the  generated  voltage 
is  positive.  This  helps  transistor  1  22  turn  on.  The  current 
on  the  collector  1  42  of  transistor  1  22  turns  on  transistor 

45  1  24  which  provides  drive  current  to  the  coil  28,  causing 
the  magnet  22  to  be  kicked  away  from  the  coil  28.  The 
kicks  are  therefore  synchronized  with  the  movement  of 
the  fan  blade  16. 
Transistors  1  22  and  1  24  continue  to  turn  each  other  on 

so  and  off  as  long  as  power  is  applied  to  the  circuit.  The 
period  of  oscillation  is  largely  dependent  on  the  value  of 
resistor  126  and  capacitor  130.  In  particular,  the  off  pe- 
riod  is  largely  dependent  on  the  value  of  resistor  126 
and  capacitor  1  30,  and  the  on  period  is  largely  depend- 

55  ent  on  the  value  of  resistor  128  and  the  capacitor  130. 
The  on  period  typically  comprises  5-10%  of  the  total  pe- 
riod. 

In  accordance  with  the  principles  of  the  present  in- 

4 
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vention,  after  approximately  several  periods  of  oscilla- 
tion,  the  oscillator  circuit  120  becomes  synchronized  to 
the  natural  resonant  frequency  of  the  fan  blade  16.  In 
operation,  the  oscillator  120  may  be  initially  tuned  to 
within  approximately  10%  of  the  natural  resonant  fre- 
quency  of  the  fan  blade  16.  When  power  is  applied  to 
the  oscillator  circuit  120,  the  coil  28  is  energized  thus 
causing  the  blade  to  be  placed  in  motion.  In  particular, 
upon  energization  of  the  coil  28,  a  magnetic  field  is  gen- 
erated  which  is  opposite  to  the  magnetic  field  generated 
by  the  magnet  22.  The  magnet  22  mounted  on  the  blade 
1  6  reacts  to  the  magnetic  field  generated  by  the  coil  28, 
causing  the  blade  1  6  to  move  away  from  a  center  posi- 
tion  1  46,  towards  side  1  47  or  1  48.  When  the  magnet  22 
returns  by  its  own  restoring  force  towards  the  center  po- 
sition  1  46,  the  magnet  22  generates  a  current  back  into 
capacitor  1  30  (limited  to  an  amplitude  of  approximately 
0.7  volts  by  catch  diode  132).  This  action  tends  to  shift 
the  frequency  of  the  oscillator  circuit  120  to  the  natural 
resonant  frequency  of  the  fan  blade  16.  Thus,  after  ap- 
proximately  several  periods  of  oscillation,  the  oscillator 
circuit  120  becomes  synchronized  to  the  natural  reso- 
nant  frequency  of  the  fan  blade  16. 

The  physical  configuration  of  a  cooling  fan  resonant 
at  38  Hz  and  constructed  accordance  with  the  invention 
shown  in  FIG.  7  will  now  be  described.  The  fan  blade 
16  was  constructed  from  Mylar  and  was  approximately 
0.007  inch  thick,  1  inch  long  and  0.4  wide.  The  magnet 
22  was  approximately  0.125  inch  by  0.125  inch.  The  coil 
28,  constructed  from  #36  wire  and  having  a  resistance 
of  55  ohms,  was  approximately  1  inch  long  and  0.4  inch 
wide.  The  core  26  of  the  coil  28  was  constructed  from 
soft  iron.  The  transistor  used  for  transistor  142  was  a 
model  number  2N2222  sold  by  Motorola,  Inc.  of  Phoe- 
nix,  Arizona.  The  transistor  used  for  transistor  144  was 
a  model  number  2N2907  sold  by  Motorola,  Inc.  of  Phoe- 
nix,  Arizona.  The  diode  used  for  diode  1  32  was  a  model 
number  1N4001  sold  by  Motorola,  Inc.  of  Phoenix,  Ari- 
zona.  Typical  values  of  other  components  are  shown  be- 
low  in  TABLE  1  : 

TABLE  1 
COMPONENT  TOLERANCE 

Resistor  126  1  megaohm 
Resistor  128  100  ohm 
Capacitor  130  0.047  uF 

The  oscillator  circuit  120  described  hereinabove 
and  illustrated  in  FIG.  7  is  not  limited  to  what  has  been 
shown  and  described.  For  example,  the  transistors  142 
and  144,  diode  132  and  other  components  are  not  lim- 
ited  to  the  what  has  been  shown  and  described.  Rather, 
other  equivalent  or  similarly  conventional  commercially 
available  products  may  be  used  as  well.  Additionally,  the 
oscillating  circuit  120  may  be  implemented  using  junc- 
tion  or  MOS  field-effect  transistors,  instead  of  bipolar 

transistors. 
By  referring  now  more  particularly  to  FIG.  8,  there 

is  illustrated  and  will  be  described  in  more  detail,  an  al- 
ternative  embodiment  of  an  astable  oscillator  circuit  50 

5  for  generating  an  oscillating  current  having  a  frequency 
of  oscillation  synchronized  to  the  natural  resonant  fre- 
quency  of  the  fan  blade  16  constructed  in  accordance 
with  the  principles  of  the  present  invention.  It  is  noted 
that  the  oscillator  circuit  50  of  FIG.  8  is  substantially  the 

10  same  as  the  oscillator  circuit  120  of  FIG.  7  with  the  ex- 
ception  that  the  oscillator  circuit  50  of  FIG.  8  includes  a 
thermistor  52  having  a  very  high  temperature  coefficient 
of  resistance  for  maintaining  the  current  through  the  coil 
28  constant.  As  previously  noted,  a  thermistor  works  as 

is  a  temperature  compensating  device  by  automatic  ad- 
justment  of  its  resistance,  down  or  up,  as  working  tem- 
peratures  rise  or  fall,  respectively,  and  resistances  of 
other  components  in  the  circuit  rise  or  fall.  For  example, 
the  resistance  of  the  coil  28,  preferably  constructed  from 

20  copper,  increases  with  temperature  and  vice  versa.  The 
resistance  of  the  thermistor  52  decreases  with  increas- 
ing  temperature  and  vice  versa.  To  compensate  for  the 
temperature  effects  on  the  coil  28,  the  thermistor  52  is 
placed  in  contact  with  the  coil  28.  In  particular,  as  is 

25  shown  in  FIG.  8,  the  thermistor  52,  placed  in  series  with 
the  coil  28,  balances  the  effect  of  changes  in  tempera- 
ture  on  the  coil  28  by  showing  a  reduction  in  resistance 
with  increasing  temperature.  Additionally,  a  thermistor 
may  be  used  to  counteract  fluctuations  in  value  of  other 

30  components,  such  as  resistors,  in  an  oscillating  circuit 
due  to  heating  effects  or  temperature  changes.  As  pre- 
viously  noted,  the  oscillator  circuit  50  of  FIG.  8  is  sub- 
stantially  similar  to  the  oscillator  circuit  120  of  FIG.  7and 
thus  will  not  be  discussed  in  detail  at  this  point. 

35  In  an  alternative  embodiment  of  the  invention,  a  555 
timer  150  as  is  shown  in  FIG.  9  may  be  connected  in  a 
free-running  mode  to  generate  a  periodic  substantially 
rectangular  pulse  at  the  output  (pin  3)  for  providing  pow- 
er  to  the  cooling  fan  in  accordance  with  principles  of  the 

40  present  invention.  The  555  timer  1  50  may  be  a  conven- 
tional  commercially  available  555  timer,  such  as  a  model 
sold  by  Signetics  of  Santa  Clara,  California.  The  circuit 
152  shown  in  FIG.  9  is  typically  referred  to  as  an  astable 
multivibrator.  As  is  well  known  to  those  skilled  in  the  art, 

45  to  make  the  555  timer  1  50  an  astable  multivibrator  circuit 
1  52,  threshold  and  trigger  pins  (6  and  2)  are  connected 
together,  forcing  the  circuit  1  52  to  be  self-triggering.  Op- 
eration  of  the  555  timer  150  connected  in  the  free-run- 
ning  mode  is  well  known  to  those  skilled  in  the  art  and 

so  will  not  be  described  in  detail. 
The  frequency  of  oscillation  is  largely  determined 

by  the  resistor  158  and  the  capacitor  154,  while  the  on 
time  for  the  coil  28  is  largely  determined  by  the  resistor 
1  60  and  the  capacitor  1  54.  The  output  (pin  3)  of  the  555 

55  timer  1  50  is  normally  high  (near  +VCC),  thus  causing  the 
coil  28  to  be  returned  to  the  positive  supply,  rather  than 
the  negative  supply.  In  accordance  with  the  principles 
of  the  present  invention,  the  back  current  from  the  coil 

5 
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28  may  be  coupled  through  a  capacitor  1  74  into  the  aux- 
iliary  control  voltage  input  (pin  5)  provided  on  the  555 
timer  1  50.  Additionally,  if  the  natural  period  of  the  circuit 
152  is  tuned  to  within  approximately  10%  of  the  natural 
resonant  frequency  of  the  fan  blade  16,  then  the  back 
current  causes  the  oscillator  1  52  to  lock  onto  the  natural 
resonant  frequency  of  the  fan  blade  16  within  approxi- 
mately  several  cycles. 

The  physical  configuration  of  a  cooling  fan  resonant 
at  38  Hz  and  constructed  in  accordance  with  the  inven- 
tion  shown  in  FIG.  9  will  now  be  described.  The  fan  blade 
16  was  constructed  from  Mylar  and  was  approximately 
0.007  inch  thick,  1  inch  long  and  0.4  inch  wide.  The  mag- 
net  22  was  approximately  0.  1  25  inch  by  0.  1  25  inch.  The 
coil  28,  constructed  from  #36  wire  and  having  a  resist- 
ance  of  55  ohms,  was  approximately  1  inch  long  and  0.4 
inch  wide.  The  core  26  of  the  coil  28  was  constructed 
from  soft  iron.  The  555  timer  150  was  manufactured  by 
Signetics  of  Santa  Clara,  California.  Typical  values  of 
other  components  are  shown  below  in  TABLE  2: 

TABLE  2 
COMPONENT  TOLERANCE 

Resistor  158  1  megaohm 
Resistor  160  33K  ohm 
Capacitor  154  0.033  uF 
Capacitor  174  0.15  uF 

By  referring  now  more  particularly  to  FIG.  10,  there 
is  illustrated  and  will  be  described  in  more  detail,  an  al- 
ternative  embodiment  of  a  circuit  60  for  providing  power 
to  the  cooling  fan  in  accordance  with  principles  of  the 
present  invention.  It  is  noted  that  the  circuit  60  of  FIG. 
10  is  substantially  the  same  as  the  circuit  152  of  FIG.  9 
with  the  exception  that  the  circuit  60  of  FIG.  10  includes 
a  thermistor  62  having  a  very  high  temperature  coeffi- 
cient  of  resistance  for  maintaining  the  current  through 
the  coil  28  constant.  In  the  preferred  embodiment,  the 
thermistor  62  is  connected  between  end  66  of  the  wind- 
ings  and  port  3  of  the  555  timer  1  50.  As  previously  noted, 
the  resistance  of  the  coil  28,  preferably  constructed  from 
copper  increases  with  temperature  and  vice  versa.  The 
resistance  of  the  thermistor  52  decreases  with  increas- 
ing  temperature  and  vice  versa.  To  compensate  for  the 
temperature  effects  on  the  coil  28,  the  thermistor  52  is 
placed  in  contact  with  the  coil  28.  In  particular,  as  is 
shown  in  FIG.  8,  the  thermistor  52,  placed  in  series  with 
the  coil  28,  balances  the  effect  of  changes  in  tempera- 
ture  on  the  coil  28  by  showing  a  reduction  in  resistance 
with  increasing  temperature.  Additionally,  a  thermistor 
may  be  used  to  counteract  fluctuations  in  value  of  other 
components,  such  as  resistors,  in  the  circuit  due  to  heat- 
ing  effects  or  temperature  changes.  As  previously  not- 
ed,  the  oscillator  circuit  60  of  FIG.  1  0  is  substantially  sim- 
ilar  to  the  oscillator  circuit  152  of  FIG.  9  and  thus  will  not 
be  discussed  in  detail  at  this  point. 

It  will  be  noted  that  the  particular  geometric  config- 
uration  of  the  device  20  to  be  cooled  may  be  positioned 
below  the  fan  blade  16  in  any  manner  desired.  As  is 
shown  in  FIGS.  2  and  3,  the  device  20  to  be  cooled  may 

5  be  advantageously  positioned  so  that  when  the  blade 
16  is  moved  back  and  forth,  air  is  caused  to  be  moved 
over  substantially  the  entire  area  of  the  device  20. 

By  referring  now  more  particularly  to  FIG.  3,  there 
is  illustrated  an  alternate  embodiment  for  mounting  the 

10  fan  1  0  in  accordance  with  the  principles  of  the  invention. 
As  illustrated  in  FIG.  3,  the  entire  fan  10  may  be  manu- 
factured  as  a  self-supporting  unit  assembly  rather  than 
as  mounted  on  a  support  structure,  such  as  the  support 
14  illustrated  in  FIGS.  1  and  2.  The  structure  of  the  blade 

is  16  as  well  as  the  magnet  22  is  substantially  the  same 
as  above-described  and  thus  will  not  be  described  in  de- 
tail  at  this  point. 

In  another  embodiment  of  the  invention,  the  fan  10 
may  be  manufactured  in  such  a  way  as  to  be  clipped 

20  over  the  device  20  to  be  cooled  to  interconnect  with  the 
electrical  connections  to  the  device  20,  thereby  obtain- 
ing  its  power  without  any  additional  wiring. 

In  a  further  embodiment  of  the  invention,  a  temper- 
ature  sensor  38  as  is  shown  mounted  on  the  device  to 

25  be  cooled  in  FIG.  2  may  be  utilized  to  sense  the  temper- 
ature  of  the  device  20  so  that  when  cooling  is  not  re- 
quired,  the  fan  10  is  disconnected  from  power  thereby 
further  saving  electrical  energy. 

As  is  shown  in  FIG.  11  ,  in  an  alternate  embodiment 
30  of  the  invention,  a  fan  assembly  200  may  be  positioned 

within  a  heat  sink  202  for  enhancing  the  dissipation  of 
heat  generated  by  a  device  to  be  cooled  206,  typically 
a  heat  generating  device  such  as  a  semiconductor.  As 
is  shown  in  FIG.  11  ,  the  heat  sink  202  includes  an  array 

35  of  posts  204  for  increasing  the  total  surface  area  from 
which  conduction  and  radiation  into  the  air  can  take 
place.  The  heat  sink  202  may  be  of  a  conventional  de- 
sign  and  is  not  limited  to  the  design  shown  in  FIG.  11  . 
For  example,  a  conventional  heat  sink  having  metal  fins, 

40  rather  than  an  array  of  posts  may  be  used.  As  is  shown 
in  FIG.  11  ,  the  device  to  be  cooled  206  may  be  cemented 
or  thermally  attached  to  the  base  208  of  the  heat  sink 
202.  The  fan  assembly  200,  constructed  in  accordance 
with  the  present  invention  as  shown  in  FIGS.  1-10  and 

45  described  above,  is  positioned  within  the  heat  sink  202 
to  enhance  convection  cooling  by  blowing  cool  air  past 
the  posts  204.  To  further  increase  the  surface  air  and  to 
protect  the  fan  from  external  disturbances,  a  top  plate 
210  may  be  attached  to  the  array  of  posts  204.  As  is 

so  shown  in  FIG.  12,  the  fan  assembly  200  is  disposed 
within  a  pocket  206  within  the  array  of  posts  204  in  the 
heat  sink  device  202,  allowing  the  fan  assembly  200  to 
blow  air  in  and  about  and  over  the  array  of  posts  204  in 
the  heat  sink  202. 

55  It  will  be  appreciated  by  persons  skilled  in  the  art 
that  the  present  invention  is  not  limited  to  what  has  been 
shown  and  described  hereinabove,  nor  the  dimensions 
of  sizes  of  the  physical  implementation  described  imme- 
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diately  above.  For  example,  the  present  invention  is  not 
limited  to  dissipating  heat  generated  by  small  devices, 
such  as  semiconductor  devices.  Rather,  the  present  in- 
vention  may  be  used  to  dissipate  heat  generated  by  me- 
dium  sized  devices,  such  as  refrigerators.  In  particular, 
the  cooling  fan  of  the  present  invention  may  be  used  to 
provide  low  volume,  low  velocity  air  from  a  freezer  sec- 
tion  to  a  refrigerator  section  of  a  household  refrigerator. 
In  as  well,  the  present  invention  may  also  be  used  to 
dissipate  heat  generated  by  large  sized  devices,  such 
as  power  transformers.  In  particular,  a  large  version  of 
the  cooling  fan  may  be  used  for  cooling  a  vertical  fin 
array  on  a  residential  power  transformer,  such  as  those 
used  for  single  or  multiple  household  power  distribution 
for  underground  utilities.  The  scope  of  invention  is  lim- 
ited  solely  by  the  claims  which  follow. 

Claims 

1  .  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled,  comprising: 

a  flexible  fan  blade  (1  6)  having  first  and  second 
ends; 
a  mounting  means  affixed  to  one  end  of  said 
blade  (16)  for  anchoring  said  blade  (16)  over 
said  device  (20); 
a  permanent  magnet  (22)  mounted  on  the  op- 
posite  end  (24)  of  said  blade  (16); 
a  coil  (28)  disposed  about  a  core  means  (26) 
constructed  of  magnetically  permeable  materi- 
al  and  positioned  adjacent  said  permanent 
magnet  (22)  for  providing  a  magnetic  force  to 
move  said  blade  (16)  from  side  (32)  to  side  (34) 
when  said  coil  (28)  is  energized  thus  cooling 
said  device  (20);  and 

characterized  by: 

an  external  drive  means  for  energizing  said  coil 
(28),  including  a  position  sensing  means  (36) 
disposed  adjacent  to  said  magnet  (22)  for  pro- 
viding  position  sensing  feedback  information. 

2.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  external  drive  means  is  further  char- 
acterized  by: 

oscillator  means  for  generating  an  oscillating 
current  having  a  frequency  of  oscillation  syn- 
chronized  to  a  natural  resonant  frequency  of 
said  fan  blade  (16). 

3.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  2  fur- 
ther  characterized  by: 

means  for  utilizing  self-resonance  of  said  fan 
blade  (16)  as  feedback  to  synchronize  the  fre- 
quency  of  said  oscillating  means  to  the  frequen- 
cy  of  said  fan  blade  (16). 

5 
4.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 

a  device  (20)  to  be  cooled  as  defined  in  claim  3 
wherein  said  means  for  utilizing  self-resonance  of 
said  fan  blade  (16)  as  feedback  to  synchronize  said 

10  oscillator  means  is  further  characterized  by: 

means  for  utilizing  Voltage  induced  in  said  coil 
(28)  when  said  magnet  (22)  returns  to  a  position 
close  to  said  coil  (28)  to  provide  a  pulse  to  said 

is  coil  (28),  thus  causing  a  self-induced  feedback 
which  in  turn  locks  in  the  frequency  of  said  os- 
cillator  means  to  said  fan  blade  (16)  frequency. 

5.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
20  a  device  (20)  to  be  cooled  as  defined  in  claim  4 

wherein  said  oscillator  means  is  further  character- 
ized  by  an  astable  oscillator  means  (120). 

6.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
25  a  device  (20)  to  be  cooled  as  defined  in  claim  5 

wherein  said  astable  oscillator  means  (120)  is  fur- 
ther  characterized  by: 

feedback  means  for  causing  oscillation  at  a  f  re- 
30  quency  synchronized  to  a  natural  resonant  fre- 

quency  of  said  fan  blade  (16). 

7.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  6 

35  wherein  said  astable  oscillator  means  (120)  is  fur- 
ther  characterized  by  a  555  timer  circuit  (150)  con- 
nected  in  a  free-running  mode. 

8.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
40  a  device  (20)  to  be  cooled  as  defined  in  claim  7 

wherein  said  feedback  means  is  further  character- 
ized  by: 

means  for  coupling  back  current  from  said  coil 
45  (28)  into  an  auxiliary  control  voltage  input  on 

said  555  timer  circuit  (150). 

9.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  8  fur- 

so  ther  characterized  by: 

means  for  tuning  period  of  said  astable  oscilla- 
tor  means  (1  20)  to  within  approximately  1  0%  of 
said  natural  resonant  frequency  of  said  fan 

55  blade  (16),  thus  causing  said  oscillator  to  lock 
onto  said  natural  resonant  frequency  of  said  fan 
blade  (16). 

7 
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10.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  external  drive  means  is  further  char- 
acterized  by: 

a  power  means;  and 
a  position  sensing  means  (26)  disposed  adja- 
cent  to  said  magnet  (22)  for  providing  power  to 
said  coil  (28). 

11.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  10 
wherein  said  position  sensing  means  (26)  is  char- 
acterized  by: 

a  Hall-effect  sensing  means  (92)  for  switching 
said  power  means  on  when  said  magnet  (22) 
is  approximately  adjacent  to  said  coil  (28), 
wherein  power  applied  to  said  coil  (28)  causes 
said  coil  (28)  to  generate  a  magnetic  field  which 
is  opposite  to  that  of  a  magnetic  field  generated 
by  said  magnet  (22),  thus  causing  said  fan 
blade  (16)  to  move  from  side  (32)  to  side  (34). 

12.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claims  2  or 
11  further  characterized  by: 

a  thermistor  means  (72)  operatively  connected 
with  said  coil  (28)  for  balancing  the  effect  of 
changes  in  temperature  of  said  coil  (28)  by 
showing  a  reduction  in  resistance  with  increas- 
ing  temperature. 

13.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  12 
wherein  said  thermistor  means  (72)  is  placed  in  se- 
ries  with  said  coil  (28)  for  balancing  the  effect  of 
changes  in  temperature  of  said  coil  (28)  by  showing 
a  reduction  in  resistance  with  increasing  tempera- 
ture. 

14.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1  fur- 
ther  characterized  by: 

a  temperature  sensing  means  (38)  coupled  to 
said  device  (20)  for  sensing  the  temperature  of 
said  device  (20). 

15.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  10 
further  characterized  by: 

means  responsive  to  said  temperature  sensing 
means  (38)  for  disconnecting  said  fan  (10)  from 
power  when  cooling  is  not  required. 

1  6.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1  fur- 
ther  characterized  by: 

5  means  for  interconnecting  said  fan  (10)  with 
said  electrical  connections  of  said  device  (20) 
to  obtain  power  from  said  device  (20)  without 
additional  wiring. 

10  17.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  device  (20)  to  be  cooled  is  a  semicon- 
ductor  device. 

is  18.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  fan  blade  (1  6)  is  constructed  from  flex- 
ible  metal  material. 

20  19.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  fan  blade  (1  6)  is  constructed  from  flex- 
ible  plastic  material. 

25  20.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  coil  (28)  is  constructed  from  copper 
material. 

30  21.  A  cooling  fan  (10)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1 
wherein  said  magnetically  permeable  material 
characterized  by  iron  core. 

35  22.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  1  fur- 
ther  characterized  by: 

a  heat  sink  means  (202)  for  increasing  the  total 
40  surface  area  from  which  conduction  and  radia- 

tion  into  air  can  take  place. 

23.  A  cooling  fan  (1  0)  for  dissipating  heat  generated  by 
a  device  (20)  to  be  cooled  as  defined  in  claim  22 

45  further  characterized  by: 

means  for  disposing  said  fan  (10)  within  said 
heat  sink  means  (202)  to  enchance  cooling  by 
blowing  cool  air  through  said  heat  sink  means 

so  (202). 

Patentanspriiche 

55  1.  Ventilator  (10)  zur  Verteilung  von  durch  einezu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  aufwei- 
send: 

8 



15 EP0  733  168  B1 16 

einen  flexiblen  Geblaseflugel  (16)  mit  ersten 
und  zweiten  Enden; 
eine  Lagereinrichtung,  die  mit  einem  Ende  des 
Flugels  (10)  befestigt  ist,  urn  den  Flugel  (16) 
iiber  der  Einrichtung  (20)  zu  verankern;  s 
einen  Permanentmagneten  (22),  der  auf  dem 
gegenuberliegenden  Ende  (24)  des  Flugels 
(16)  angeordnet  ist;  5. 
eine  Spule  (28),  die  urn  eine  Kernvorrichtung 
(26)  aus  magnetisch  permeablem  Material  an-  10 
geordnet  und  gegenuber  dem  Permanentma- 
gneten  (22)  angeordnet  ist,  urn  eine  magneti- 
sche  Kraft  zur  Bewegung  des  Flugels  (16)  von 
Seitezu  Seitevorzugeben,  wenn  die  Spule  (28)  6. 
erregt  wird  und  somit  die  Einrichtung  (20)  zu  15 
kuhlen;  und 

gekennzeichnet  durch: 

eine  externe  Ansteuereinrichtung  zum  Erregen  20 
der  Spule  (28),  die  eine  Positions-Erfassungs- 
einrichtung  (36)  einschlieBt,  die  in  Nachbar- 
schaft  zu  dem  Magneten  (22)  angeordnet  ist, 
urn  eine  Ruckkopplungsinformation  der  Positi-  7. 
onserfassung  vorzugeben.  25 

2.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  die  externe  Ansteuerein- 
richtung  ferner  gekennzeichnet  ist  durch:  30 

8. 
eine  Oszillatoreinrichtung  zur  Erzeugung  eines 
oszillierenden  Stromes  mit  einer  Oszillations- 
frequenz,  die  auf  die  naturliche  Resonanzfre- 
quenz  des  Geblaseflugels  (16)  synchronisiert  35 
ist. 

3.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  2  definiert,  ferner  gekennzeichnet  durch:  40 

9. 
eine  Einrichtung  zur  Verwendung  der  Selbstre- 
sonanz  des  Geblaseflugels  (16)  als  Ruckkopp- 
lung  zum  Synchronisieren  der  Frequenz  der 
Oszillationseinrichtung  auf  die  Frequenz  des  45 
Geblaseflugels  (16). 

4.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  3  definiert,  wobei  die  Einrichtung  zur  Ver-  so 
wendung  der  Selbstresonanz  des  Geblaseflugels 
(16)  als  Ruckkopplung  zum  Synchronisieren  der 
Oszillatoreinrichtung  ferner  gekennzeichnet  ist  10, 
durch: 

55 
eine  Einrichtung  zur  Verwendung  einer  Span- 
nung,  die  in  der  Spule  (28)  induziert  wird,  wenn 
der  Magnet  in  eine  Position  nahe  der  Spule  (28) 

zuruckkehrt,  urn  einen  Impuls  an  die  Spule  (28) 
vorzugeben  und  somit  eine  selbstinduzierte 
Ruckkopplung  hervorzurufen,  welche  ihrer- 
se  its  die  Frequenz  der  Oszillatoreinrichtung  auf 
der  Frequenz  des  Geblaseflugels  (16)  verrie- 
gelt. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  4  definiert,  wobei  die  Oszillatoreinrichtung 
ferner  durch  eine  astabile  Oszillatoreinrichtung 
(120)  gekennzeichnet  ist. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  5  definiert,  wobei  die  astabile  Oszillatorein- 
richtung  (120)  ferner  gekennzeichnet  ist  durch: 

eine  Ruckkopplungseinrichtung  zum  Hervorru- 
fen  der  Oszillation  auf  einer  Frequenz,  die  auf 
eine  naturliche  Resonanzfrequenz  des  Gebla- 
seflugels  (16)  synchronisiert  ist. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  6  definiert,  wobei  die  astabile  Oszillatorein- 
richtung  (120)  ferner  gekennzeichnet  ist  durch  ei- 
nen  555-Zeitgeberschaltkreis  (150),  der  in  einem 
freilaufenden  Modus  angeschlossen  ist. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  7  definiert,  wobei  die  Ruckkopplungsein- 
richtung  ferner  gekennzeichnet  ist  durch: 

eine  Einrichtung  zur  Stromruckkopplung  von 
der  Spule  (28)  in  einen  Hilfs-Steuerspannungs- 
Eingang  an  dem  555-Zeitgeberschaltkreis 
(150). 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  8  definiert,  ferner  gekennzeichnet  durch: 

eine  Einrichtung  zur  Abstimmung  der  Periode 
derastabilen  Oszillatoreinrichtung  (120)  inner- 
halb  ungefahr  10%  der  naturlichen  Resonanz- 
frequenz  des  Geblaseflugels  (16),  wodurch  der 
Oszillator  veranlaBt  wird,  sich  auf  der  naturli- 
chen  Resonanzfrequenz  des  Geblaseflugels 
(16)  zu  verriegeln. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  die  externe  Ansteuerein- 
richtung  ferner  gekennzeichnet  ist  durch: 

eine  Leistungseinrichtung:  und 
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eine  Positions-Erfassungseinrichtung  (26),  die 
in  der  Nachbarschaft  von  dem  Magneten  (20) 
angeordnet  ist,  urn  Leistung  an  die  Spule  (28) 
vorzugeben. 

1  1  .  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  10  definiert,  wobei  die  Positions-Erfas- 
sungseinrichtung  (26)  gekennzeichnet  ist  durch: 

eine  Halleffekt-Sensoreinrichtung  (92)  zur  Ein- 
schaltung  der  Leistungseinrichtung,  wenn  sich 
der  Magnet  (22)  ungefahr  in  Nachbarschaft  zu 
der  Spule  (28)  befindet,  wodurch  der  Spule  (28) 
zugefuhrte  Leistung  die  Spule  (28)  veranlaBt, 
ein  magnetisches  Feld  zu  erzeugen,  das  ent- 
gegengesetzt  zu  einem  durch  den  Magneten 
(22)  erzeugten  magnetischem  Feld  ist  und  so- 
mit  den  Geblaseflugel  (16)  veranlaBt,  sich  von 
Seite  zu  Seite  zu  bewegen. 

1  2.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  den 
Anspruchen  2  oder  11  definiert,  ferner  gekenn- 
zeichnet  durch: 

eine  Thermistoreinrichtung  (72),  die  betriebs- 
maBig  mit  der  Spule  (28)  verbunden  ist,  urn  den 
EinfluB  von  Temperaturanderungen  der  Spule 
(28)  auszugleichen,  indem  sie  eine  Wider- 
standsreduzierung  bei  anwachsender  Tempe- 
ratur  zeigt. 

1  3.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  12  definiert,  wobei  die  Thermistoreinrich- 
tung  (72)  in  Reihe  mit  der  Spule  (28)  angeordnet 
ist,  urn  den  EinfluB  von  Temperaturanderungen  der 
Spule  (28)  auszugleichen,  indem  sie  eine  Wider- 
standsverminderung  bei  anwachsender  Tempera- 
tur  zeigt. 

1  4.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  ferner  gekennzeichnet  durch: 

eine  Temperatur-Erfassungseinrichtung  (38), 
die  mit  der  Einrichtung  (20)  zur  Erfassung  der 
Temperaturder  Einrichtung  (20)  verbunden  ist. 

1  5.  Ventilator  (1  0)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Rinrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  10  definiert,  ferner  gekennzeichnet  durch: 

eine  auf  die  Temperatur-Erfassungseinrichtung 
(38)  ansprechende  Einrichtung  zur  Abtrennung 
des  Ventilators  (10)  von  der  Spannung,  wenn 
die  Kuhlung  nicht  erforderlich  ist. 

10 

15 

20 

25 

16.  Ventilator  (10)  zur  Verteilung  von  durch  einezu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  ferner  gekennzeichnet  durch: 

eine  Einrichtung  zur  Verbindung  des  Ventila- 
tors  (10)  mit  den  elektrischen  Anschlussen  der 
Einrichtung  (20),  urn  Spannung  von  der  Ein- 
richtung  (20)  ohne  zusatzliche  Verdrahtung  zu 
erhalten. 

17.  Ventilator  (10)  zur  Verteilung  von  durch  einezu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  die  zu  kuhlende  Einrich- 
tung  (20)  eine  Halbleitereinrichtung  ist. 

18.  Ventilator  (10)  zur  Verteilung  von  durch  einezu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert.  wobei  der  Geblaseflugel  (16)  aus 
flexiblem  Metallmaterial  aufgebaut  ist. 

19.  Ventilator  (10)  zur  Verteilung  von  durch  einezu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  der  Geblaseflugel  (16)  aus 
flexiblem  Plastikmaterial  aufgebaut  ist. 

20.  Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  die  Spule  (28)  aus  Kupfer- 
material  aufgebaut  ist. 

30 
21  .  Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 

lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  wobei  das  magnetisch  permea- 
ble  Material  durch  einen  Eisenkern  gekennzeichnet 

35  ist. 

22. 

40 

45 
23. 

50 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  1  definiert,  ferner  gekennzeichnet  durch: 

eine  Kuhlblecheinrichtung  (202)  zur  VergroBe- 
rung  des  Gesamt-Oberflachenbereiches,  von 
dem  Ableitung  und  Strahlung  in  die  Luft  statt- 
finden  kann. 

Ventilator  (10)  zur  Verteilung  von  durch  eine  zu  kuh- 
lende  Einrichtung  (20)  erzeugte  Warme,  wie  in  An- 
spruch  22  definiert,  ferner  gekennzeichnet  durch: 

eine  Einrichtung  zur  Anordnung  des  Ventilators 
(10)  innerhalb  der  Kuhlblecheinrichtung  (202), 
urn  die  Kuhlung  durch  Blasen  von  kuhler  Luft 
durch  die  Kuhlblecheinrichtung  (202)  zu  ver- 
bessern. 

55 
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Revendications 

1.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir, 
comprenant  :  s 

3.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  2,  caracterise 
encore  par  :  45 

un  moyen  utilisant  la  resonance  propre  de  ladi- 
te  pale  de  ventilateur  (16)  comme  contre-reac- 
tion  pour  synchroniser  la  frequence  dudit 
moyen  oscillateursur  la  frequence  de  ladite  pa-  so 
le  de  ventilateur  (16). 

4.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  3,  dans  lequel  55 
ledit  moyen  pour  utiliser  la  resonance  propre  de  la- 
dite  pale  de  ventilateur  (16)  comme  contre-reaction 
pour  synchroniser  ledit  moyen  oscillateur  est  enco- 

re  caracterise  par  : 

un  moyen  pour  utiliser  une  tension  induite  dans 
ledit  enroulement  (28)  quand  ledit  aimant  (22) 
revient  en  une  position  proche  dudit  enroule- 
ment  (28)  et  pour  appliquer  une  impulsion  audit 
enroulement  (28)  en  provoquant  ainsi  une  con- 
tre-reaction  auto-induite,  laquelle  a  son  tour 
verrouille  en  frequence  ledit  moyen  oscillateur 
sur  ladite  frequence  de  la  pale  de  ventilateur 
(16). 

Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  4,  dans  lequel 
ledit  moyen  oscillateur  est  encore  caracterise  par 
un  moyen  oscillateur  astable  (120). 

Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  5,  dans  lequel 
ledit  moyen  oscillateur  astable  (1  20)  est  encore  ca- 
racterise  par  : 

un  moyen  de  contre-reaction  pour  provoquer 
une  oscillation  a  une  frequence  synchroniser 
sur  une  frequence  propre  de  resonance  de  la- 
dite  pale  de  ventilateur  (16). 

Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  6,  dans  lequel 
ledit  moyen  oscillateur  astable  (1  20)  est  encore  ca- 
racterise  par  un  circuit  de  minuterie  555  (150)  con- 
nects  en  mode  de  fonctionnement  autonome. 

Ventilateur  de  refroidissement  (20)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  7,  dans  lequel 
ledit  moyen  de  contre-reaction  est  encore  caracte- 
rise  par: 

un  moyen  pour  coupler  un  courant  de  retour  du- 
dit  enroulement  (28)  vers  I'entree  de  tension  de 
commande  auxiliaire  dudit  circuit  de  minuterie 
555  (150). 

un  moyen  pour  accorder  la  periode  dudit 
moyen  oscillateur  astable  (120)  a  approximati- 
vement  1  0%  pres  sur  la  frequence  de  resonan- 
ce  propre  de  ladite  pale  de  ventilateur  (16),  en 
provoquant  ainsi  le  verrouillage  dudit  oscilla- 
teur  sur  ladite  frequence  propre  de  resonance 

une  pale  de  ventilateur  flexible  (16)  ayant  une 
premiere  et  une  seconde  extremites  ; 
un  moyen  de  montage  fixe  a  une  extremite  de 
ladite  pale  (16)  pour  fixer  ladite  pale  (16)  au-  10 
dessus  dudit  dispositif  (20)  ; 
un  aimant  permanent  (22)  monte  sur  ladite  ex- 
tremite  opposee  (24)  de  ladite  pale  (16)  ;  5. 
un  enroulement  (28)  dispose  autour  d'un 
moyen  de  noyau  (26)  construit  en  une  matiere  is 
magnetiquement  permeable  et  place  adjacent 
audit  aimant  permanent  (22)  pourcreer  une  for- 
ce  magnetique  destinee  a  deplacer  ladite  pale 
(16)  d'un  cote  (32)  a  I'autre  (34)  lorsque  ledit  6. 
enroulement  (28)  est  excite  en  refroidissant  20 
ainsi  ledit  dispositif  (20)  ; 

caracterise  par  : 

un  moyen  exterieur  d'entramement  pour  exci-  25 
ter  ledit  enroulement  (28),  comprenant  un 
moyen  detecteur  de  position  (36)  place  adja- 
cent  audit  aimant  (22)  pour  renvoyer  des  infor- 
mations  de  detection  de  position. 

30  7. 
2.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 

chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  dans  lequel 
ledit  moyen  exterieur  d'entramement  est  encore  ca- 
racterise  par  :  35 

un  moyen  oscillateur  pour  generer  un  courant  8. 
oscillant  ayant  une  frequence  d'oscillation  syn- 
chronisee  sur  une  frequence  de  resonance  pro- 
pre  de  ladite  pale  de  ventilateur  (1  6).  40 

9.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 

so  bn  la  definition  de  la  revendication  8  caracterise  en- 
core  par  : 

11 
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de  ladite  pale  de  ventilateur  (16). 

10.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  dans  lequel 
ledit  moyen  externe  d'entramement  est  encore  ca- 
racterise  par  : 

un  moyen  d'alimentation  ;  et 
un  moyen  detecteur  de  position  (26)  place  ad- 
jacent  audit  aimant  (22)  pour  appliquer  de 
I'energie  audit  enroulement  (28). 

11.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  10,  dans  lequel 
ledit  moyen  de  detection  de  position  (26)  est  carac- 
terise  par  : 

un  moyen  de  detection  a  effet  Hall  (92)  pour 
commuter  en  service  ledit  moyen  d'alimenta- 
tion  quand  ledit  aimant  (22)  est  sensiblement 
adjacent  audit  enroulement  (28),  grace  a  quoi 
I'energie  appliquee  audit  enroulement  (28)  fait 
generer  par  ledit  enroulement  (28)  un  champ 
magnetique  qui  est  oppose  au  champ  magne- 
tique  genere  par  ledit  aimant  (22),  en  forcant 
ainsi  ladite  pale  de  ventilateur  (16)  a  se  depla- 
cer  d'un  cote  (32)  au  cote  (34). 

12.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  des  revendications  2  ou  11  ,  carac- 
terise  encore  par  : 

un  moyen  de  thermistance  (72)  fonctionnelle- 
ment  connecte  audit  enroulement  (28)  pour 
equilibrer  I'effet  des  variations  de  temperature 
dudit  enroulement  (28)  en  presentant  une  dimi- 
nution  de  sa  resistance  quand  la  temperature 
augmente. 

13.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  12,  dans  lequel 
ledit  moyen  de  thermistance  (72)  est  monte  en  serie 
avec  ledit  enroulement  (28)  pour  equilibrer  I'effet 
des  variations  de  temperature  dans  ledit  enroule- 
ment  (28),  en  presentant  une  reduction  de  resistan- 
ce  quand  la  temperature  augmente. 

14.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  caracterise 
encore  par  : 

un  moyen  de  detection  de  temperature  (38) 
couple  audit  dispositif  (20)  pourdetecter  la  tem- 

perature  dudit  dispositif  (20). 

15.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 

5  Ion  la  definition  de  la  revendication  10,  caracterise 
encore  par  : 

un  moyen  repondant  audit  moyen  de  detection 
de  temperature  (38)  pour  deconnecter  ledit 

10  ventilateur  (10)  de  I'alimentation  lorsqu'un  re- 
froidissement  n'est  pas  necessaire. 

16.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 

15  Ion  la  definition  de  la  revendication  1,  caracterise 
encore  par  : 

un  moyen  pour  interconnecter  ledit  ventilateur 
(1  0)  avec  lesdites  connexions  electriques  dudit 

20  dispositif  (20)  afin  d'obtenir  de  I'energie  dudit 
dispositif  (20)  sans  cablage  supplemental. 

17.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 

25  bn  la  definition  de  la  revendication  1,  dans  lequel 
ledit  dispositif  (20)  a  refroidir  est  un  dispositif  semi- 
conducteur. 

18.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
30  chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 

lon  la  definition  de  la  revendication  1,  dans  lequel 
ladite  pale  de  ventilateur  (16)  est  construite  en  une 
matiere  metallique  flexible. 

35  19.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  dans  lequel 
ladite  pale  de  ventilateur  (16)  est  construite  en  une 
matiere  plastique  flexible. 

40 
20.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 

chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  dans  lequel 
ledit  enroulement  (28)  est  construit  en  cuivre. 

45 
21.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 

chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  dans  lequel 
ladite  matiere  magnetiquement  permeable  est  ca- 

50  racterisee  par  un  noyau  de  fer. 

22.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se- 
lon  la  definition  de  la  revendication  1,  caracterise 

55  encore  par  : 

un  moyen  de  radiateur  de  chaleur  (202)  pour 
augmenter  la  surface  totale  sur  laquelle  une 

12 



23 EP0  733  168  B1 

conduction  et  une  radiation  peuvent  se  faire  par 
rapport  a  I'air. 

23.  Ventilateur  de  refroidissement  (10)  pour  dissiper  la 
chaleur  generee  par  un  dispositif  (20)  a  refroidir  se-  s 
Ion  la  definition  de  la  revendication  22,  caracterise 
encore  par  : 

des  moyens  pour  monter  ledit  ventilateur  (10) 
a  I'interieur  dudit  moyen  radiateur  de  chaleur  10 
(202)  afin  de  renforcer  le  refroidissement  en 
soufflant  de  I'air  frais  a  travers  ledit  moyen  de 
radiateur  de  chaleur  (202). 
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